Abstract-Requirements elicitation consists in collecting information about the requirements and the environment of a systemto-be. It usually involves business analysts who are eliciting information, and stakeholders who are providing information. This paper investigates how the commitment of stakeholders to a RE project influences the results of elicitation. We suggest a way to measure the commitment of stakeholders during RE, and propose the so-called "commitment matrix", which shows what analysts can expect from stakeholders who are more, as opposed to those who are less committed. The matrix builds on a survey of 87 stakeholders. Our results suggest that commitment somehow affects the information provided by stakeholders, and that it is therefore a relevant criterion to account for when selecting stakeholders to be involved in elicitation.
I. INTRODUCTION

1) Context:
Requirements Engineering (RE) focuses on the elicitation, representation, and analysis of requirements and environment of a system-to-be, in order to produce its specification. The specification should be such that, if the systemto-be satisfies the specification, then it will also satisfy its requirements within its environment. RE involves various tasks, such as the elicitation of requirements, their representation, the analysis of their consistency, their validation and negotiation with the system stakeholders, and so on. We focus in this paper on the elicitation aspect; that is, on the acquisition of information about the expectations of stakeholders toward the system-to-be, and about the environment in which that system will run. We will say that this information is represented in elicitation documentation, such as interview transcripts or recordings, notes from field observation, questionnaires and similar. There are at least three recurring challenges that should be considered when preparing the elicitation documentation:
• Documentation Quality: information must be easily understandable, and should be sufficiently stable so that analysts can actually rely on the information [1] , [2] ; • Documentation Quantity: information must cover the relevant requirements of the stakeholders, and should not overlook important aspect of the environment, so as to minimize requirements incompleteness [1] , [2] , [3] ; • Documentation Efficiency: information must be obtained at reasonable cost and resource use, i.e., it is important to achieve quality and quantity, but not at any cost [4] .
In the rest of this paper, we refer to these three Requirements Elicitation Challenges as RECs. How successfully one deals with REC is influenced, among other things, by the choice of some elicitation techniques to apply [5] and the selection of stakeholders to apply them with [6] , [7] .
2) Problem and Research Question: Identifying stakeholders is hardly a new issue in RE [8] ; most of the time, a person is considered as a stakeholder whenever she has a stake in the system [9] . In RE, it has been suggested that a stakeholder is any person or organization who influences a system's requirements or who is impacted by that system [10] . Such definition likely leads to a large set of stakeholders, which can hardly be entirely solicited. The question of selecting stakeholders to be involved from the pool of available stakeholders is, to the best of our knowledge, a topic that has received smaller attention from RE community. More precisely, we believe that one possible way of selecting some stakeholders is to account for their respective level of commitment to the RE project, i.e., how the stakeholders are intellectually or emotionally bounded to the RE project. For instance, involving two stakeholders with different commitment levels during elicitation could result in elicitation documents that differ in terms of quality, quantity or efficiency. In fact, the committed stakeholder may be cautious and mention any piece of information she has, so that elicited quantity increases. On the other hand, the same stakeholder may be too cautious and share irrelevant information, thereby decreasing the quality of the information. In this paper, we therefore investigate the question of what changes whenever a stakeholder is committed or not to a RE project. We do so for the three main RECs, i.e., does commitment influence quality, quantity and/or efficiency of the elicitation documentation. Ultimately, we believe such contribution could help business analysts to select more accurately stakeholders so as to improve the chances of success for the system-to-be.
3) Contributions: Our contribution in this paper is twofold. Firstly, we discuss and clarify the distinction between the concept of involvement and commitment in elicitation, and we describe reasons why commitment may be an important criterion to account for when selecting stakeholders. Secondly, we survey 87 stakeholders in order to better understand how stakeholders' commitment to a RE project may influence the quality, quantity and efficiency of the elicitation documentation. Based on these results, we propose a commitment matrix, showing the relative advantage of involving stakeholders with various commitment levels. The matrix is shown in Figure  1 and reads as follows; if a business analyst needs to collect information that is, for example, clear, then she can involve any
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Item: stakeholders speak about people, objects, concepts or other systems related with the system-to-be. Fig. 1 : The Commitment Matrix type of stakeholder, even those who are slightly commitment to the project, i.e., commitment is not important to account for when looking for clear information. However, if the analyst needs information that is certain, then she might have better chances to select strongly committed stakeholders. It is worthy to note that the survey is exploratory; our goal is to discover the impact of commitment on elicitation, and we have no apriori hypotheses to test in the study. Further validation of the matrix is therefore required before going on the formulation of actual recommendations for the selection of stakeholders during elicitation, based on commitment profiles.
4) Structure of the paper:
The paper explains with more details how we obtained the commitment matrix illustrated in Figure 1 , and is structured as follows. In Section 2, we review related work and distinguish between the concepts of commitment and involvement. We also provide a more accurate definition of commitment, and define the commitment hierarchy. In Section 3, we describe our survey design. We present our results in Section 4, discuss them in Section 5, and finally provide a conclusion to the present work in Section 6.
II. RELATED WORKS AND DEFINITIONS
Involving stakeholders as a way to improve the chances of development success is hardly new in RE and software engineering [11] , [12] . It is often acknowledged that involvement is a good way to get faster to information about the domain, and to collect more accurately information about requirements [13] , [7] . It is therefore frequently recommended as a best practice during elicitation [10] . Using a case study, [14] shows the different ways in which stakeholders (and more precisely customers) may be involved, and confirms the positive influence of involvement on the acquisition of information about the requirements. In [15] , it is suggested that user involvement can be improved using a model-driven requirements approach. A systematic review of empirical studies about stakeholders involvement is proposed in [7] , which confirms the topic has already been extensively discussed and tested in RE. Previous works seem to agree on a definition of involvement as follows:
The act for a stakeholder to communicate directly with the analysts, to share systematic feedback and to participate actively in the different stages of the development life-cycle [16] .
Involvement requires that stakeholders are correctly identified and selected. This process is another important issue during elicitation [10] . In [17] , authors argue that the selection of stakeholders somehow depends on their profile; depending of the type of information the analysts look for, stakeholders with different responsibilities, skills or knowledge will be targeted. In [18] , the selection of stakeholders is discussed in the context of inter-organizational environments. Among other things, the author describes a matrix to classify stakeholders based on the interest they have in the system, and on the influence they might have on this project. In [19] , a systematic review of stakeholders selection techniques is proposed. As already discussed, previous stakeholders selection techniques may lead to the identification of hundreds of stakeholders, and it is hardly feasible to involve all of them during elicitation. We suggest that commitment can be used as a criterion for involving only a subset of the pool of available stakeholders.
The concept of commitment has been the center of relatively little attention in RE. The distinction between commitment and involvement is sometimes made in RE literature [7] , and stakeholders' commitment is sometimes acknowledged as a factor affecting the success of RE activities; in [20] for example, it is clearly stated that the geographical dispersion of teams likely decreases commitment of the stakeholders, which may be harmful to the RE project success. The concept is however scarcely studied as a main effect influencing quality, quantity or efficiency of elicitation documentation. To the best of our knowledge, no empirical research has gone on commitment during elicitation.
Given the relatively small attention that has been paid to commitment in RE, we clarify the concept of stakeholders commitment based on more mature definitions from psychology and management sciences. We use the influential definition of organizational commitment suggested in [21] as a baseline for our definition. We use that definition because it provides a set of criteria for commitment which are easily transferable to RE projects. Starting from Mowday's definition of organizational commitment, we define stakeholders commitment to a RE project as follows: the relative strength of a stakeholders identification with and involvement in an RE project. As in [21] , it can be characterized by at least three factors:
• Acceptance -A strong belief in and acceptance of the RE We see these three criteria as necessary, to some extent, in order to ensure a stakeholder is committed to a RE project. In case a stakeholder respects none of these criteria, she can be assumed to be uncommitted. If she respects one or more of theses criteria, the stakeholder is assumed to be somehow committed to the RE project. It is interesting to note that these three criteria build a hierarchy of commitment. For example, if there is Effort, then there is necessarily Acceptance, but not systematically Membership, i.e., there is a generalisation relationship between these different criteria. The commitment criteria can therefore be used to build a hierarchy of stakeholders' commitment. In other words, it is possible to find, in the pool of available stakeholders, stakeholders who have different levels of commitment. We summarize these different possible commitment profiles in Table I .
III. EXPLORATORY STUDY -EMPIRICAL DESIGN
Our objective is to investigate how commitment affects the significance of RECs, i.e., we want to show that commitment influences the quality, quantity and efficiency of the elicitation documentation. To explore this aspect, we use a survey. Based on the results of this survey, we have been able to draw the commitment matrix, as presented in our introduction. The survey we used was composed of three main sections.
A. Procedure 1) Assignment and Context: The first section was intended to introduce the subject to the context of the survey and the assignments. Subjects were told the survey was intended to understand how the implication of stakeholders may help in the design of a new information system. No more details were given about the goal of the study. Subjects were put into situation with the following paragraph:
We develop a new website for internal use in your company. We need to collect information about your expectations toward that website. Our goal is to understand what you expect from such website, and what you know about the future environment of that software.
The system was then described with more details. There were two different descriptions of the website, only one of which being submitted randomly to the subject: each time a subject opened the survey, a random number was computed that was used to select one scenario or the other, so that no subject faced the two descriptions. The objective was to provide stimuli in order to ensure the subject was clearly commitment or not toward the RE project that had been presented. Although the situation was purely hypothetical, we invited the subjects to recall the last project in which they had been involved, and use it as a global context to answer our survey. Ultimately, the decision to be committed or not was left to the stakeholder, i.e., we did not force subjects to be committed or not. The two possible descriptions were as follows:
• The website is a positive move: "Imagine that you have been waiting for the website for ages, that it will make your job much easier, will be fun and easy to use and will ease collaboration between colleagues"; • The website is a negative change: "Imagine that you are forced to used the new website, that it will change your routines and make interactions with colleagues more difficult, and that it need to be trained to use it".
2) Group Assignation: The second section was intended to measure the actual commitment of the stakeholder toward the RE project. Once subjects had read the description of the RE project that had been assigned to them, we measured how committed they were toward the latter, i.e., subjects were not forced into a group and were free to be committed or not to the RE project. We classified subjects in three different groups. These groups correspond to the commitment profiles defined in Table 1 , namely the Light commitment group (L), the Medium commitment group (M) and the Strong commitment group (H). To allocate a subject to one of these groups, we used the three criteria of commitment presented in Section 2. For each criterion, subjects were given a binary scale equivalent to a "Yes/No" answer. The questions were as follows:
• Acceptance: Do you agree with the purpose of the project?
• Effort: Do you agree to spend time on the project?
• Membership: Do you want to participate on the long term to this project?
Note again that the design enables subjects to face a negative change and still be committed to the project, i.e., although we expect a positive change to lead to stronger commitment, it may happen that a stakeholder is commitment to a RE project implying a negative change, or vice-versa.
3) Collecting Survey Data: The third section was intended to collect data about what information stakeholders would share during the elicitation, i.e., our goal here was to actually measure RECs. The three main hypotheses we wanted to test -namely, that commitment influences quantity, quality and efficiency of the documentation -were however too coarse to be validated as such. As a consequence, we divided each REC in a series of more specific questions, easier to measure and hence to explore. We call these sub-questions variables in the rest of this paper. Each variable of the survey was measured using a five level Likert scale of agreement. Subjects were asked how they were feeling about a given sentence, and had to select one answer among Strongly Disagree, Disagree, Neither Agree nor Disagree, Agree or Strongly Agree. The set of variables that we used in our survey is reported in Table II. The quality of documentation REC was studied using some of the quality criteria defined in the quality requirement framework suggested in [22] . Although the sentences shared by stakeholders during elicitation were not proper requirements, we consider the previous criteria can still be considered as ways to evaluate quality of information. The quantity of documentation REC was studied using some dimensions of context defined in [23] . Our objective here was simply to provide examples of topics that might be discussed during interviews, and see how subjects were behaving toward the latter. What we wanted to show is that, depending on their commitment to the RE project, stakeholders tend to discuss different topics to different extents. We do not claim such list is a way to ensure completeness of the elicitation; it simply comes as a basis to compare the groups. The efficiency of documentation REC is, to the best of our knowledge, a less common subject in RE, and we did not find any existing list of efficiency variables for RE. We therefore proposed some variables based on our experience. Given the exploratory nature of this study, we do not expect this decision to have a significant impact on our results.
B. Subjects
The subjects we targeted to answer previous survey are frequent users of information systems. Users represent an important proportion of the stakeholders' population, and are actors of the business whose commitment can significantly vary across a same RE project. Users therefore represents an interesting population for the present study. To make sure subjects understand the problem of sharing requirements about a system-to-be, we set three requirements on the demographic of our population: it was mandatory (i) to have at least a oneyear working experience in a company, (ii) to be more than 20 years old and (iii) to be frequent user of an information system for professional use. We used Amazon Mechanical Turk (simply MTurk hereafter) to collect data for our study. Mturk enables to access a large panel of subjects, who are sufficiently diverse to be representative of actual stakeholders' population. MTurk is based on a reward system: participants have to select some tasks that they accept to complete in exchange for a certain amount of money, determined a priori by the experimenter. We discuss the validity issues related to this approach in next section. We collected the answers of 87 subjects, all living in USA at the moment of the study: 49% of them were women, 90% were between 26 and 54 years old, and 85% had at least under-graduated. The most represented business fields were services to people (16%), retail trade (14%) and information technologies (11.5%).
C. Methodological Notes
A pre-study was performed; we submitted our survey to a dozen of stakeholders, and asked them to provide feedback about the overall readability, fluency and clarity of the survey. Based on those feedbacks, we significantly improved the survey. Answers collected during this preliminary data collection have not been included in our final data-set. The design we used in this research is a survey. As any empirical design, it may be subject to some internal and external threats. Threats to internal validity include the selection bias, the experimental arrangement and the confounding bias. To deal with them, we left group assignation as a responsibility of the subjects (based on commitment criteria), we randomized the position of questions within our survey, so that the combination of questions was always different for different subjects, and we paid attention to use valid scales to measure our variables. The main threat to external validity is the use of MTurk (see next section); we had small control on the people answering the survey, and people may not be have been sufficiently involved in answering correctly the survey. To reduce this risk, we only collected answers from Master MTurk profiles, i.e., elite groups of MTurkers who have demonstrated accuracy on specific types of HITs (i.e. survey) on the Mechanical Turk marketplace. We also made use of "attention check questions". These are questions where subjects are asked to remember some simple words and to encode the latter at the end of the survey; they enable to test attention of subjects and detect spammers. Subjects who did not answer correctly to those questions were excluded from our results.
IV. ANALYSIS OF RESULTS
This section discusses the results that we obtained using our survey 1 . We perform comparison between several groups and want to see if there are significant differences between these groups. ANOVA tests can be used to achieve such conclusion. Given that our data are ordinal, we resort to the non-parametric equivalent of the ANOVA for multiple groups, namely the Kruskal-Wallis test. The null hypothesis being tested is then that none of the groups being tested statistically dominate any other one, i.e, if we can reject this hypothesis, we can conclude that there are statistical differences between at least two of the three commitment profiles. To build the commitment matrix, we put variables for which the null hypothesis cannot be rejected at the bottom of the matrix; these are the variables for which we have no indications that commitment influences their value, so that they can be elicited from any type of commitment profile. Then, we look at the variables for which we can reject the null hypothesis. For these variables, we have indications that commitment influences their value, and we can then report them in the relevant layer of our matrix. Since the tests we run do not indicate the direction of the influence, we also resort to graphical representations of the survey data to complement our analysis. An important concern when measuring RECsQuantity, Quality and Efficiency of the documentation -with several variables is the internal validity of these variables; for example, do the Clear, Concise, Certain, ... variables reliably measure the same latent Quality variable. The Cronbach's alpha is one common measure of such internal consistency. It is typically used in surveys where several Likert questions are used to build one main scale -such as in our survey -and the reliability of that scale has to be measured. It is common to interpret the Cronbach's Alpha with the following limits: a value from 0 to .50 is usually small and suggests low internal validity of the scale, a value between .50 and .70 is low but acceptable, while values above .70 are high and suggest that the scale has high internal validity. We computed an alpha of 0.7139 for the Quality scale, an alpha of 0.7322 for the Quantity scale, and an alpha of 0.8585 for the Efficiency scale. We therefore conclude our scales provide reliable ways to observe RECs.
1) Quality Variables:
Results for the Quality REC are presented in top area of Table III . The null hypothesis can be rejected if the p-value is smaller than some significance levels, which in this study are: 1% = ***, 5% =** and 10% =*. We observe that answers from the three commitment groups only significantly differ for the Feasible and Certain variables. The tests do not enable to conclude more about the other variables that we used to measure quality. Columns a and b in Table IV show the distribution of answers across the groups (L=Low, M=Medium and H=High profile), for these two significant variables. We observe that a larger part of the strong and medium commitment profiles strongly agrees with the fact that they would pay attention to share feasible and certain information. While the difference is smaller on the agree answer, we also observe that the light commitment profile tends to disagree more frequently than the two other groups for such statements. This brings us to the conclusion that, in order to increase the chances of collecting Feasible and Certain information, business analysts should involve stakeholders with a medium commitment profile or higher.
2) Quantity Variables: Results for the Quantity REC are presented in the middle area of Table III . We observe that the three commitment groups significantly differ for the Items, Rules and Granularities variables. We cannot conclude anything about the other quality variables. Columns c, d and e in Table IV show the distribution of answers for the three significant variables. We observe no clear differences between the medium and strong commitment profiles, for the Items variable. This suggests that business analysts can involve any of these two profiles to reduce the risk of omissions about objects and agents who (will) interact with the system. On the contrary, we observe that strong commitment profile strongly agrees more frequently than the two other profiles when considering rules and granularities. Besides, the light and medium profiles answered more frequently that they (strongly) disagree with sharing such information. This brings us to the conclusion Table IV show the distribution of answers across the groups, for these three significant variables. Although differences are small, we observe that the strong commitment profile seems to be more likely to (strongly) agree when being asked if they would be pro-active in sharing their requirements. This brings us to the recommendation that business analysts should involve strongly committed stakeholders if they wish to collect more efficiently information about requirements. Both medium and strong commitment groups (strongly) agree that they would share spontaneously information about the domain or the scope of the project, while the light commitment group (strongly) disagrees more frequently with these same variables. This suggests business analysts should involve stakeholders that are moderately committed (or higher) to the project, so as to increase the chances of getting efficiently information about the environment of the system, or details about its scope.
V. DISCUSSION
Our results clearly show that commitment is one factor that seems to have a potentially significant impact on the overall success of the elicitation process. However, it is interesting to note that the effect of commitment is only partial; it seems that commitment does not influence all the aspects of the elicitation challenges we identified, but only some specific concerns. The question is then to understand why a variable is impacted or not by commitment. Under such perspective, our study becomes a tool for identifying more specific research questions to be investigated in some future research. A possible interesting direction is to study the relation between the complexity of an elicitation task and the overall commitment level. For example, simple tasks like sharing clear information, speaking about connections or challenging people seem less likely to fail even when commitment profile is low. However, when the tasks require more effort -that is, when tasks are more complex -, Disagree  0  0  0  0  0  0  0  0  0  5  6  2  5  0  2  0  0  0  0  0  0  0  0  0  Disagree  5  0  2  10  6  2  14  18  2  33  41  22  19  29  10  29  0  2  29  6  0  38  24  4  Neutral  19  6  4  29  0  10  19  6  8  24  12  8  19  0  12  33  18  4  19  6  8  24  0  20  Disagree  57  65  51  46  65  51  52  47  61  29  41  45  52  65  53  19  65  67  38  59  63  29  65  53  Str. Agree  19  29  43  14  29  37  14  29  29  10  0  22  5  6  22  19  18  27  14  29  29  10  12  22 commitment appears to be a more important variable. Another interesting direction is to study the link between commitment and the recency of a task. In fact, it seems that more recurring cognitive tasks such as sharing prioritized information, speaking about localizations or giving feedback are less likely to fail even if the commitment is low. In practice, these tasks are likely to occur more frequently and are likely to be more commonsense to stakeholders, so that even low commitment profiles can deal with them correctly.Overall, we believe that investigating such questions might help in the formulation of additional guidelines for the selection and involvement of stakeholders.
VI. CONCLUSIONS
In this paper, we discuss the concept of stakeholders' commitment to a RE project, why it can be a relevant criterion to select, among the large pool of stakeholders, those that should be involved in the elicitation, and how it differs from involvement. Based on the survey of 87 stakeholders, we propose the commitment matrix, which describes the relative advantages of involving stakeholders with light, medium and strong commitment profiles. We observe that stakeholders with different commitment share information which nature may vary, in terms of quality, quantity or efficiency. It suggests that, depending on the type of information a business analyst is looking for, the commitment level of a stakeholder is more or less important to account for. While the paper does not provide any elicitation methodology, it suggests ways for accounting for commitment in order to better deal with the RECs. The commitment matrix is an exploratory study, not a proper empirical validation; readers should bear in mind that it builds on a small sample, and that further validation is required before formulating recommendations for the selection of stakeholders. We believe this does not hold us back from drawing relevant conclusions about how commitment affects RECs, and about what research is necessary in the future so as to better deal with such aspect during elicitation.
